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A  new  sol-gel  process  is  developed  to  modify  the  Li4Ti50i2  anode  material  for  improved  rate  capability. 
The  new  process  brings  about  the  following  effects,  namely  (i)  doping  of  Sn2+  to  form  Li3.9Sno.iTi5Oi2,  (ii) 
carbon  coating  and  (iii)  creation  of  a  porous  structure.  The  doping  of  Sn2+  results  in  the  lattice  distortion 
without  changing  the  phase  composition.  A  thin  layer  of  amorphous  carbon  is  coated  on  the  doped 
particles  that  contain  numerous  nanopores.  The  rate  capability  of  the  anode  material  made  from  the 
modified  powder  is  significantly  improved  when  discharged  at  high  current  rates  due  to  the  reduced 
charge  transfer  resistance. 

©  201 1  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

While  Li-ion  batteries  (LIBs)  have  gained  great  success  for 
application  in  portable  electronics,  they  require  improvements  in 
various  electrochemical  properties,  including  cyclic  life,  power  and 
energy  densities  and  safety,  to  be  able  to  become  the  most  promis¬ 
ing  power  source  in  future  electric  vehicles.  In  particular,  graphite 
-  the  current  anode  material  -  has  slow  Li+  diffusion,  limiting  the 
power  density  of  LIBs.  The  low  charge/discharge  plateau  of  graphite 
may  lead  to  the  deposition  of  metallic  Li  on  the  electrode  at  high 
current  densities,  causing  serious  safety  problems  [1].  Li4Ti50i2  is 
known  to  be  one  of  the  best  substitutes  for  the  graphite  anode  in 
LIBs.  It  undergoes  a  phase  transformation  between  spinel  Li4Ti50i2 
and  rock-salt  Li7Ti50i2  during  the  Li+  intercalation/extraction  pro¬ 
cess,  and  displays  a  discharge  plateau  at  about  1.5  V  (vs.  Li/Li+) 
and  a  theoretical  capacity  of  175mAhg_1.  The  Li4Ti50i2  anode 
possess  several  advantages:  (i)  the  high  charge/discharge  plateau 
avoids  the  safety  problem  caused  by  the  deposition  of  metallic 
Li;  and  (ii)  the  low  volumetric  change  occurring  during  the  phase 
transformation,  i.e.  less  than  1%,  can  give  rise  to  excellent  cyclic 
performance  [2].  The  Li4Ti50i2  anode  was  coupled  with  cath¬ 
ode  materials  made  from  LiFePO4/LiNi0.5Mnii5O4  at  an  operating 
voltage  of  1.8  V/3  V.  These  systems  showed  excellent  electrochem¬ 
ical  properties  and  demonstrated  potential  applications  in  electric 
vehicles  [3,4]. 
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Nevertheless,  a  main  obstacle  that  impedes  the  widespread 
applications  of  Li4Ti50i2  is  its  poor  conductivity  with  associated 
poor  charge/discharge  properties  at  high  current  rates.  Several 
approaches  have  been  adopted  to  improve  the  rate  capability 
of  Li4Ti50i2,  including:  (i)  doping  with  ions,  such  as  Br_,  Li+, 
Mg2+,  Zn2+,  Ni2+,  Cr3+,  Al3+,  La3+,  V5+,  Nb5+  and  Ta5+  at  Li,  Ti  or 
O  sites  to  improve  the  electronic  conductivity  [5-15];  (ii)  coat¬ 
ing  with  a  conductive  phase,  such  as  amorphous  carbon,  carbon 
nanotube  or  Ag  [16-19],  where  the  second  phase  forms  a  con¬ 
ductive  channel  for  fast  transfer  of  Li+  and  electrons;  and  (iii) 
fabrication  of  a  porous  structure  that  can  absorb  the  electrolyte 
and  shorten  the  solid  state  diffusion  length  of  Li+  [20].  Sn-based 
anodes  possess  extremely  high  capacities  compared  to  graphite 
and  Li4Ti50i2  anodes.  SnOx  has  been  incorporated  into  a  Li4Ti50i2 
matrix  to  increase  the  capacity  of  Li4Ti50i2,  where  Li4Ti50i2  acts 
as  a  buffer  layer  to  alleviate  the  volume  change  of  SnOx  dur¬ 
ing  charge/discharge  [21,22].  A  thermal  treatment  is  required 
to  increase  the  crystallinity  of  SnOx,  while  it  may  also  intro¬ 
duce  Sn2+  into  the  lattice  of  Li4Ti50i2.  However,  the  effects  of 
Sn2+  doping  are  not  fully  understood,  necessitating  further  stud¬ 
ies. 

The  review  of  the  above  studies  intuitively  hints  that  substan¬ 
tial  synergy  can  be  achieved  when  the  ameliorating  effects,  such 
as  doping,  carbon  coating  and  porous  structure,  are  combined 
together.  The  improved  capacities  reported  in  the  previous  studies 
are  usually  based  on  single  effect  as  a  result  of  an  individual  modifi¬ 
cation  process.  In  this  study,  one-step  sol-gel  process  is  developed 
to  dope  Li4Ti50i2  with  Sn2+  to  improve  the  conductivity,  while  a 
carbon  coating  and  porous  structure  are  simultaneously  created  in 
the  Li4Ti50i2  powder. 


0378-7753 /$  -  see  front  matter  ©  201 1  Elsevier  B.V.  All  rights  reserved, 
doi:  10.101 6/j.jpowsour.201 1.08. 114 


B.  Zhang  et  al.  /  Journal  of  Power  Sources  196  (201 1 )  10692-10697 


10693 


2.  Experimental 

Li4Ti50i2  was  synthesized  based  on  a  sol-gel  method  [23].  Tita¬ 
nium  iso-propoxide  and  lithium  acetate  dihydrate  were  mixed  in 
50  mL  of  ethanol.  Excessive  Li  ( 1 0  mol%)  was  added  to  compensate 
the  evaporation  during  synthesis  at  a  high  temperature.  After  stir¬ 
ring  for  10  min,  the  color  of  the  solution  changed  from  yellow  to 
white.  Stirring  was  continued  at  80  °C  until  gel  was  formed,  which 
was  dried  at  60  °C  for  24  h  in  an  oven.  The  dry  product  was  ground 
to  fine  powder,  and  was  then  calcinated  at  800  °C  for  12  h  in  a  N2 
atmosphere  to  obtain  Li4Ti50i2  powder.  The  procedure  used  for  the 
preparation  of  Sn2+  doped  Li4Ti50i2  powder  was  generally  similar 
to  that  of  undoped  powder,  except  the  addition  of  SnCl2  2H20  to 
the  solution  according  to  the  formula  of  Li3.9Sno.iTi5Oi2.  During  the 
whole  process,  the  color  of  the  solution  remained  light  yellow. 

The  phase  structures  of  the  powders  were  determined  on  an 
X-ray  diffraction  (XRD)  system  (PW1830,  Philips)  with  Cu  Ka  radi¬ 
ation  from  10°  to  70°.  Thermogravimetric  analysis  178  (TGA)  were 
conducted  on  a  TGA/DTA  92  Setaram  II  testing  system  in  air  at  a 
heating  rate  of  5  °C  min-1 .  X-ray  photoelectron  spectroscopy  (XPS, 
PHI5600,  Physical  Electronics)  was  employed  to  evaluate  the  chem¬ 
ical  states  of  the  powders  using  a  monochromatic  Al  Ka  X-ray 
as  the  excitation  source  at  an  electron  voltage  of  14kV.  The  C 
Is  peak  at  285.0 eV  was  used  as  the  binding  energy  reference. 
Quantitative  structural  analysis  of  powders  was  conducted  on  a 
RM3000  Micro  Raman  System  (Renishaw  PLC)  with  argon  laser 
excitation  of  514  nm.  Field  emission  transmission  electron  micro¬ 
scope  (FETEM,  JEOL  201  OF)  and  scanning  electron  microscope  (SEM, 
JEOL  6700F)  were  used  to  characterize  the  morphologies.  The  spe¬ 
cific  surface  area  was  measured  using  the  Brunauer-Emmett-Teller 
(BET)  method  on  a  Coulter  SA  3100  Surface  Area  instrument.  The 
sample  powders  were  pressed  into  circular  pellets  of  12.5  mm  in 
diameter  and  about  1  mm  in  thickness,  and  were  subsequently 
sintered  at  800  °C  for  12  h  in  a  N2  atmosphere.  Silver  paste  was 
applied  on  the  top  and  bottom  surfaces  of  the  sample  and  the  pro¬ 
grammable  curve  tracer  (370A)  machine  was  employed  to  measure 
the  conductivity. 

The  electrochemical  tests  were  carried  out  using  CR2032  coin 
cells.  The  sample  slurry  was  prepared  by  mixing  the  active  materi¬ 
als  and  carbon  black  with  polyvinylidene  fluoride  (PVDF)  binder  in 
a  weight  ratio  of  80:10:10  after  magnetic  stirring  in  N-methyl-2- 
pyrrolidone  for  4  h.  The  slurry  was  coated  onto  the  copper  foil  from 
which  pellets  of  12  mm  in  diameter  were  cut  as  electrodes.  The 
cells  were  assembled  in  an  Ar-filled  glove  box  with  a  lithium  foil  as 
the  counter  electrode,  1  M  LiPF6  in  ethyl  carbonate  (EC)/dimethyl 
carbonate  (DMC)  (1:1  by  volume)  as  electrolyte  and  a  microporous 
polyethylene  film  (Celgard  2400)  as  separator.  The  coin  cells  were 
cycled  at  different  current  densities  between  1  and  3  V  on  a  LAND 
2001  CT  battery  tester.  The  charge  and  discharge  current  densities 
were  maintained  identical  during  each  cycle.  The  electrochemi¬ 
cal  impedance  spectroscopy  (EIS)  was  carried  out  in  the  frequency 
range  from  100  kHz  to  10  mHz  on  a  CHI660  electrochemical  work¬ 
station.  Two  Li3.9Sno.iTi5Oi2/Li  cells  were  discharged  to  1 V  and 
charged  to  3  V  in  the  first  cycle.  After  the  charge/discharge  cycles, 
these  cells  were  disassembled  and  washed  with  DMC,  and  laid  to 
dry  in  the  glove  box.  The  dried  electrodes  were  used  for  XRD  char¬ 
acterization. 


3.  Results  and  discussion 

Fig.  1(a)  shows  the  XRD  patterns  of  Li4Ti50i2  and 
Li3i9Sno.iTi5Oi2  powders.  All  major  peaks  were  in  accordance 
with  the  standard  diffraction  peaks  of  Li4Ti5012  with  PDF  num¬ 
ber  of  72-0426.  The  small  peaks  at  about  27.5°  and  44.6°  are 
attributed  to  hexagonal  TiO  phase  (PDF  number:  85-2084)  due 
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Li  4Ti5012 
Li3.9Sn0,Ti5O12 


20/  0 


(b) 


Fig.  1.  (a)  XRD  patterns  and  (b)  Raman  spectra  of  Li4Ti50i2  and  Li3.gSno.iTi5Oi2 
powders. 


to  the  evaporation  of  Li  during  the  synthesis  process.  The  unit 
cell  parameters  calculated  using  the  Bragg’s  law  were  8.3573  and 
8.3611  A  for  Li4Ti50i2  and  Li^gSno.iTisO^,  respectively.  They 
were  calculated  based  on  a  least  square  method  with  an  estimated 
error  of  4xl0-4A.  The  increased  lattice  parameter  is  ascribed 
to  the  larger  Sn2+  (1.02  A)  that  occupied  the  sites  of  the  smaller 
Li+  (0.68  A)  [24],  confirming  the  entrance  of  Sn2+  into  the  crystal 
lattice.  The  (2  2  0)  peak  is  attributed  to  the  scattering  power  of 
Li+  located  at  the  tetrahedral  (8a)  site  in  Li4Ti50i2.  Sn2+  has  an 
inherently  higher  scattering  power  than  Li+.  The  relative  intensity 
ratio,  /(2  2  0)/f(i  1 i>  increased  from  0.018  to  0.038  after  doping  with 
Sn2+  which  replaced  Li+  [7]. 

The  Raman  spectra  shown  in  Fig.  1(b)  indicate  five  vibration 
peaks  at  about  237,  264,  344,  400,  675  cm-1,  which  are  consis¬ 
tent  with  the  spinel  structure  of  Li4Ti50i2  (Alg  +  Eg  +  3F2g).  The 
frequency  in  the  range  of  Raman  shift  400-550  cm-1  are  assigned 
to  Li-0  stretches  in  “Li04”  tetrahedron  [25,26].  The  Raman  bands 
corresponding  to  the  Li-0  vibration  had  a  red  shift  from  400  to 
408  cm-1  after  doping  due  to  the  substitution  of  Sn2+  for  Li+,  which 
enhanced  the  cation-oxygen  bonding  [13].  The  two  peaks  at  1355 
and  1 587  cm-1  correspond  to  D  and  G  bands  of  carbon,  respectively. 

The  XPS  was  used  to  evaluate  the  surface  chemistry  of  the  pow¬ 
ders  and  thus  to  clarify  the  valance  states  of  Ti  and  Sn  ions.  The 
general  spectra  given  in  Fig.  2(a)  identified  strong  signals  of  C,  O 
and  Ti  in  Li4Ti50i2,  and  Sn  in  addition  to  the  three  elements  in 
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Fig.  2.  (a)  XPS  general  spectra,  (b)  Ti  2p3/2  and  (c)  Sn  3d5/2  specific  spectra  of 
Li4Ti50i2  and  Li3.gSn0.iTi5Oi2  powders. 


Li3>9Sn0.iTi5Oi2.  A  weak  signal  at  54.4 eV  corresponding  to  Li  Is 
was  also  observed.  The  peaks  at  285.0  eV  are  ascribed  to  the  amor¬ 
phous  carbon  coated  on  the  surface  of  the  particles,  which  are  in 
agreement  with  the  Raman  results.  The  two  peaks  of  Sn  3d,  i.e. 
Sn  3d5/2  and  Sn  3d3/2,  were  identified  at  486.6  eV  and  495.1  eV, 


HKUST  SEI  5.0kV  X6.000  1/um  WD  8.4mm 


Fig.  3.  (a)  Surface  morphologies  of  (a)  Li4Ti50i2  (b)  Li3.gSno.iTi5Oi2  powders. 


respectively,  which  reflect  the  presence  of  Sn  element  in 
Li3.gSn0.iTi5Oi2.  The  binding  energy  for  Ti  2p3/2  presented  a  shift  of 
0.3  eV  to  the  position  of  Ti3+  (457.8  eV  [27])  after  doping  (Fig.  2(b)), 
suggesting  a  mixed  Ti4+/Ti3+  valence  of  Ti  ions  [28].  The  binding 
energy  for  Sn  3d5/2  was  used  to  study  the  valence  of  Sn  ions  in 


Fig.  4.  TEM  micrograph  of  Li3.gSn0.iTi5Oi2  powder. 
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Fig.  5.  TGA  curve  of  Li3.9Sno.iTi5Oi2. 

Li3i9Sno.iTi50i2  based  on  Sn02  as  a  reference  (Fig.  2(c)).  There  was 
a  binding  energy  difference  of  0.7  eV  between  the  Sn  3d5/2  peaks 
of  Sn02  and  Li39Sno.iTi5Oi2,  in  agreement  with  the  chemical  shift 
between  Sn4+  and  Sn2+  reported  previously  [29].  These  observa¬ 
tions  indicate  that  Sn  ions  are  in  the  state  of  Sn2+  in  Li3.9Sno.iTi5Oi2. 

The  SEM  images  presented  in  Fig.  3  indicate  that  both  pow¬ 
ders  before  and  after  doping  maintained  a  similar  spherical  shape. 


These  primary  particles  had  a  diameter  ranging  from  several  to 
10|xm,  and  consisted  of  numerous  secondary  nanoparticles  of  a 
few  hundred  nanometers  in  diameter.  Nanopores  were  found  on 
the  surface  of  the  doped  Li3>9Sn0.iTi5Oi2  primary  particles  whereas 
pores  were  absent  on  the  Li4Ti50i2  particles.  In  view  of  the  fact  that 
the  Li3  9Sn0.iTi5O12  gel  had  a  yellow  color  while  the  Li4Ti50i2  gel 
was  white,  titanium  iso- propoxide  was  not  fully  hydrolyzed  due  to 
the  addition  of  SnCl2  2H20  during  the  synthesis  of  Li3  9Sn0.iTi5Oi2. 
Upon  calcination,  titanium  iso- propoxide  was  decomposed  to  Ti02, 
generating  H20  and  C02  gas.  After  reaction  with  lithium  source,  the 
Li3i9Sn0.iTi5Oi2  nanoparticles  tended  to  aggregate  to  form  primary 
spherical  particles  of  several  micrometers  in  diameter.  When  the 
evaporation  of  the  gas  generated  by  the  decomposition  of  titanium 
iso- propoxide  occurred,  nanopores  were  naturally  created  between 
the  secondary  nanoparticle.  The  presence  of  nanopores  was  further 
evidenced  by  the  substantial  increase  in  the  BET  surface  area  from 
3.4  m2  g-1  to  6.9  m2  g-1  after  Sn2+  doping. 

The  TEM  micrograph  of  Li3  9Sno.iTi50i2  shown  in  Fig.  4  indicates 
that  the  distance  between  the  crystal  lines  was  0.251  nm,  corre¬ 
sponding  to  the  (311)  face.  A  thin  layer  of  amorphous  carbon  was 
present  on  the  particle  surface,  which  is  attributed  to  carbonization 
of  the  organic  precursor  during  calcination  in  an  inert  atmosphere. 
This  observation  is  in  agreement  with  the  Raman  and  XPS  results. 
Titanium  iso- propoxide  was  hydrolyzed  during  the  production  of 
Li4Ti50i2.  The  amorphous  carbon  was  initially  formed  on  the  sur¬ 
face  of  Li20  due  to  carbonization  of  acetate  in  lithium  acetate,  and 
later  coated  on  Li4Ti50i2  and  Li3  9Sn0.iTi5Oi2  following  the  reaction 


Fig.  6.  Charge/discharge  curves  of  (a)  LUTisO^  and  (b)  Lis.gSno.iTisO^  cells;  (c)  cyclic  performance  at  different  currents;  and  (d)  EIS  spectra:  hollow  points  represent 
experimental  data  and  solid  lines  represent  data  fitted  by  Zview  2.0  software. 
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Fig.  7.  Ex  situ  XRD  patterns  of  Li3.9Sn0.iTi5Oi2  during  the  first  cycle  at  different 
charge/discharge  voltage:  (a)  pristine;  (b)  after  discharging  to  1 V;  (c)  after  charging 
to  3  V.  The  peaks  marked  with  asterisks  (*),  circles  (O)  and  triangles  (A)  correspond 
to  the  diffractions  of  TiO,  PVDF  and  copper,  respectively. 


with  Ti02.  The  amount  of  carbon  in  Li3i9Sno.iTi50i2  was  character¬ 
ized  by  TGA,  as  shown  in  Fig.  5.  Sn2+  and  Ti3+  were  oxidized  to  Sn4+ 
and  Ti4+  due  to  the  high  temperature  treatment  in  air,  resulting  in 
the  formation  of  Li3  9Sno.1Ti5O12.15-  According  to  the  formula,  an 
increase  of  0.5  wt.%  was  expected,  but  a  small  reduction  of  0.1  wt.% 
was  recorded  at  500  °C,  indicating  the  presence  of  0.6  wt.%  carbon 
in  the  sample. 

The  capacities  of  the  electrodes  prepared  from  Li4Ti50i2  and 
Li3.9Sno.iTi5Oi2  powders  were  measured  at  different  current  rates, 
as  shown  in  Fig.  6.  The  capacity  of  Li3i9Sn0.iTi5Oi2  discharged  at 
0.05  C  was  1 72  mAh  g-1 ,  which  was  higher  than  the  corresponding 
value  of  165  mAh g-1  for  Li4Ti50i2.  As  the  discharge  current  rate 
increased,  the  capacities  gradually  decreased.  After  cycling  at  dif¬ 
ferent  current  rates  for  50  cycles,  the  capacities  of  both  electrodes 
were  restored  to  their  original  values  when  the  discharge  current 
was  reduced  to  0.2  C.  Fig.  6(c)  clearly  indicates  excellent  cyclic  per¬ 
formance  of  both  materials,  with  the  doped  L^.gSno.iTisO^  powder 
having  much  better  rate  capability  than  the  neat  Li4Ti50i2  pow¬ 
der.  The  EIS  spectra  and  impedance  data  analyzed  on  the  basis  of 
the  equivalent  circuit  are  shown  in  Fig.  6(d).  The  charge  transfer 
resistance  (Rc t)  represents  the  kinetic  resistance  of  charge  transfer 
at  the  electrode/electrolyte  boundary  or  intrinsic  charge  transfer 
resistance  of  the  electrodes.  Rc t  was  160  £2  for  the  Li3.9Sno.iTi5Oi2 
electrode,  which  is  lower  than  181  £2  for  the  Li4Ti50i2  electrode, 
confirming  the  reduced  charge  transfer  resistance  after  doping. 
The  reduction  in  Rct  is  attributed  partly  to  the  improved  electronic 
conductivity  after  Sn2+  doping:  L^gSno.iTisO^  had  a  conductiv¬ 
ity  of  9.1  x  10_8Scm_1,  which  is  almost  six  times  higher  than 
l.exlO^Scm-1  forLi4Ti5Oi2. 


Cycle  number 


Fig.  8.  Cyclic  performance  of  Li3.9Sno.iTi5Oi2  cells  discharged  at  5C  and  the  corre¬ 
sponding  efficiency. 


The  improvement  in  conductivity  is  the  outcome  of  the  sub¬ 
stitution  of  Li+  by  Sn2+.  It  follows  that  the  difference  in  charge 
should  be  compensated  by  a  reduction  in  the  equivalent  number 
of  Ti  cations  from  Ti4+  to  Ti3+  [7,15].  The  improved  conductivity  by 
doping  gave  rise  to  an  increased  rate  capability  when  discharged  at 
high  current  rates.  The  porous  structure  was  also  beneficial  to  the 
discharge  properties  at  high  current  rates  because  of  the  increased 
intercalating  sites  for  Li+.  The  electrolyte  could  be  absorbed  into  the 
nanopores,  which  in  turn  shortened  the  solid  state  transfer  length, 
facilitating  faster  transfer  of  Li+. 

To  identify  if  there  were  any  additional  structural  changes  dur¬ 
ing  Li+  insertion  and  extraction,  the  crystalline  structure  of  the 
Li3i9Sno.iTi5Oi2  electrode  was  characterized  after  discharging  to 
1 V  followed  by  charging  to  3  V,  as  shown  in  Fig.  7.  Some  extra  peaks 
related  to  PVDF  (binder)  and  copper  (current  collector)  were  found. 
The  relative  intensity  ratio,  /(4oo)/J(i  1 1>  increased  from  0.57  to  1.12 
after  discharging  to  1 V  because  of  the  increased  amount  of  Li+  at  the 
octahedral  (16c)  sites  [30].  No  evidence  of  the  formation  of  a  new 
crystalline  phase  was  detected  and  the  distortion  of  the  pristine  lat¬ 
tice  was  negligible.  This  result  suggested  that  Sn2+  doping  did  not 
affect  the  structural  changes  during  Li+  insertion  and  extraction. 

To  evaluate  the  cyclic  performance  of  carbon  coated 
Li3.9Sno.iTi5Oi2  at  a  high  current  rate,  the  anode  cell  was  subject 
to  charge/discharge  at  5  C  for  100  cycles,  and  the  results  are  shown 
in  Fig.  8.  The  capacity  of  the  Li3igSno.iTi50i2  cell  maintained  at 
130  mAh  g-1  with  excellent  capacity  retention.  Table  1  compares 
the  result  of  the  current  study  with  the  rate  capabilities  taken 
from  the  literature  for  various  ion-doped  Li4Ti50i2  electrodes 
discharged  to  1 V.  The  performance  of  L^.gSno.iTisO^/C  obtained 
in  this  study  is  considered  highly  comparable  or  even  much  better 
than  the  majority  of  Li4Ti50i2  anodes. 


Table  1 

Comparison  of  rate  performances  for  various  ion-doped  Li4Ti50i2. 


Samples 

Synthesis  method 

Discharge  current 

Capacity  (mAhg-1 ) 

Reference 

Li3.gSno.iTi50i2/C 

Sol-gel 

5C 

130 

Current  study 

Li4Ti50n.8Bro.2 

Solid-state 

10C 

100 

[5] 

Li4.1Ti4.9O12 

Solid-state 

4C 

139 

[6] 

Li3.75Mg0.25Ti5Oi2 

Solid-state 

2  mA  cm-2 

90 

[7] 

Li3.5Zno.5Ti5Oi2 

Solid-state 

4C 

108 

[8] 

Li(  Nii/6  Li2/9Tii/9  )Ti3/2  O4 

Solid-state 

5C 

100 

[9] 

Li[CrTi]04 

Sol-gel 

2C 

88 

[10] 

Li3.9Alo.iTi5Oi2 

Solid-state 

3  C 

120 

[11] 

La3+  doped  Li4Ti50i2/C 

Sol-gel 

2C 

136 

[12] 
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4.  Conclusion 

A  sol-gel  approach  is  developed  to  synthesize  Li3i9Sno.iTi5Oi2 
anode  material  by  doping  Li4Ti50i2  particles  with  Sn2+.  The 
process  leads  to  two  major  changes  in  the  structure:  (i)  coat¬ 
ing  of  a  thin  amorphous  carbon  layer  on  the  surface;  and  (ii) 
creation  of  numerous  nanopores.  These  changes  have  amelio¬ 
rating  effects  on  electrochemical  properties  of  anode  cells  made 
from  Li3>9Sno.iTi50i2  powder:  the  specific  capacities  of  the  doped 
Li3i9Sno.iTi5Oi2  are  much  higher  than  the  corresponding  values 
of  neat  Li4Ti50i2  when  discharged  at  both  low  and  high  current 
densities.  They  also  present  almost  100%  capacity  retention  after 
100  cycles  of  charge/discharge  at  5C.  Synergy  of  several  enhanc¬ 
ing  mechanisms  is  responsible  for  the  improved  electrochemical 
properties  of  carbon  coated  Li39Sno.iTi5012  porous  electrodes. 
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